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INTRODUCTION 



Descaling systems are an mdispensable part b achie^^ With an ever-increasing 

need to deliver cleanar, higher performance and quality steels used for a broader range of applications, descaling pl^s an 
increasingly more critical function in meeting those diallengjng demands. 

As a result, new descale nozzle technology was developed to allow more efScient removal of scale fixun steel sur&ces. 
FurtheniK»«, this new descale nozzle tedmology utilizes water mm effidendy, thereby providing options that were not 
previously possible. Namely descaling with lower operating pressures, and/br reduced water consumptioa Additional potential 
bei^fits are, reduced reheat furnace temperatures and deepo* penetration of steel surface. 

DEVELOPMENT HISTORY 

Every Hot Strip Mill is equipped with a descaling system (Figure 1 & 2) for the removal of scale from steel surfaces that 
is generated from the reheating of a slab/bar. Without the descaling system, the formed scale will be rolled into the 
strip surface leading to poor surface finish and other quality related issues. Descaling systems are mainly positioned at 
the inlet of Roughing and Finishing Mills to spray high pressure water onto steel surface. This descaling system is 
indispensable to achieving the ever demanding need to improve on uniform surface quality. 




Figure 1 Outline of Descale System Figure 2 Steel running through Descale System 



The newly developed descale nozzles not only offer improved performance in removing scale sticking to steel surfaces 
but also a potentially large saving of high pressure water consumption (IS to 60 MPa). Figure 3 shows an outline of 
new descale nozzle. 

Descale Nozzle consists of cap, nozzle tip, packing, straightener/filter and adapter. The length of straightener/filter can 
be adapted to a descaling system's specification and can be combined with a check valve to provide a quick ON/OFF 
response action. 



Long filter 




Figure 3 Descale Nozzle Components 
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To illustrate the benefits of the new descale nozzle technology when compared to the conventional descale nozzle 
technology, erosion test utilizing anodized aluminum plate were performed as per Figure 4. 
The test conditions are: 

Spray pressure: 15Mpa 

Flow rate : 1 1 1 liter/min 

Spray distance: 129mm 

The results are shown in Figure 5 which illustrate the improved performance of the new descale nozzle. By installing 
this new descale nozzle in a descaling system, surface defect ratio from scale can be significantly reduced. In addition, 
high pressure water consumption can be cut by maximum 40%, and pump's electricity consumption by 10 to 15%. 




RESULTS AND DISCUSSION 



Development History: 

A descale ^stem (Figure 1 & 2) is located in a Hot Strip Mill for the purpose of removing scale fiiom the steel sur&ce through the utilization of 
high pressure water (15 to 60 MPa). 

This process «icounters two distinct issues, namely : 

1 . the hig^ consumption of electricity by the descale pun^ , with the added disadvantage of not being environmentally friendly. 

2. a tendency to increase the operating pressure and water consumption to improve descaling efficiency 

The djjective that was set forth for the develojMnait of tiie new descale nozzle technology, was to demonstrate that improvements could 
increase the descaling system's efficiency with a minimal system's modification cost, and at the same time realize savings in water and electricity 
consumption by the descale pump. 

In order to evaluate and document the perfbmiance of the new descale nozzle design, a test model had to be created tfiat would closely examine 

the two (2) critical issues. 

Namely: 

1. The design of a model to evaluate the nozde's perfomiance that is not only based on pressure and flow rate; but also because of impinging 
force and internal flow c^^namics. 

2. The design of the no2zle's internal stmcture based on the above modd that would evaluate the nozzle's descale water flow capacity. 

After having successfiilty addressed the fluid c^oiamics and mechanical issues, a new worid class descale nozzle was obtained. 



(2) 



Evaluation Model of Descaling Abnity 

As illustrated in Figure 6, the surface erosion created ftom descaling is die result of the water imping^g pressure 
sur&ce. 



p CU when striking the steel 



Water droplet speed 
U[ni. 




Spray Width 
w[in] 



Spray Thickness 



Water Droplet Impact Area 
S[m2] 



Figure 6 Principle of impinging wave and concept of evaluation model of descaling capadfy 



Efficient descaling is depend^t on three Victors: 

1 . Total impinging force of water dropl^ (Fi(ND 

2. Total inpinging force per unit area of water droplet (£i[Pa]) 

3. Descaling time. 

Based on these Actors, a model to evaluate the nozzle's capacity was set up, and total impinging force Fi and unit area impinging force Ei was 
calculated by the following formula. 



jXp CUXTT 



2D 



= POxaxCx— xarx/-..(l) 



3 3 
U^xaxpxCx xaxt U^xaxpxCx xax( 

Ei[Pa ]= T-ZT—fi 



xxwxdx 



n- water droplet number [-/g] 
p : water droplet deEisity Qsg^o^ 
C sound ^peed bn/sJ 

water droplet flow [m/s] 
S- water droplet impinging area bn?] 

water droplet impingiiig time [si 
Q: flow rate lm3/s] 
D- water droplet diampter [m] 



a • water droplet impinging coefficient [-] 
PQ: pressure iPa] 

spray distance [ml 
HO* run-up distance {jaa\ 
/3:£pray form coefficient [-] * 

spray width Oaa] 
d* spray tliickness bn] 
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The next step in the test phase was to verify descale nozzle capadty. 

Actual test in Hot Strip Mill condition utilizing diffmnt descale nozzle designs is g^erally unrealistic as this can affect the quality of the product 
as well as a long tenii quality reliability. This Is particulaily tfie case with the reduction of water volume as thoe is always a hig^ risk of 
inferior product quality. 

With these issues in mind, it was necessaiy to set up an off-line test model to evaluate the nozzle's capacity. 

As shown in Figure 7, it was learned tfiat aluminum plate had similar hardness diaractoistics at ambient temperatures as steel did at the 
temperature rapge with whidi it should be descaled. It was also discovered that tiie abrasion volume of aluminum plate and removal ratio of 
steel's scale had the similar oonelation. (See Figure 8.) 




Temperature [^'C ] 

Figure 7 Relation betweai tempaature 
and steel tension strength 




Abrasion volume on aluminum plate 
[I0'^mg/mm^-30s] 



Figure 8 Relation between abrasion on aluminum plate 
and detadiment ratio of steel's scale 



Based on this data, &cts, and in order to have an off-line quantitative evaluation of the nozzle's capacity, we decided to use aluminum plate. 
Its descaling capacity was calculated by tfie fixmula (1) and (2), vAudti was plotted in Figure 9. As a result it was discovered that descaling 
capacity could be evaluated with total impmglng force (Fi[N]) and unit impinging force (Ei[Pa]) quantitativety. 




Fi 720N 
(45MPa) 
Fi 480N 
(30MPa) 
Fi 404N 
(15MPa) 



0.5 1.0 1.5 2.0 

Unit impinging force Ei [MPa] 



Figure 9 Descaling capacity evaluati(m based on Fi and Ei 
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Optimization of Internal Nozzle Desigp 

Based on the evaluation model of descaling capacity, the internal E^ign of the descale nozzle was q>timized The key point of this optimization 
was to inprove total impinging force (Fi|N|) and unit impinging force (Ei[Pa]) by making the water droplet speed (U) fester and minimizing the 
spray thickness (d) as shown Figure 6. As a result, the internal flow anatysesofthe nozzle during the trial phase were repe 10, 
and an optimized design was successfully adiieved as per Figure 11. 
It relates to: 

® Nozzle internal gutto* (pattern) caiibo* 
(D size of the straightener 
® position of the straigjitener 
® shape of the nozzle tip 



As a result, the droplet speed (U) was inproved, and the spr^ width (thidoiess) (d) was decreased to about two-thirds of that of a convaitional 
nozzle as Figure 12 shows. Figure 13 shows the new Descale Nozzle design with much more tfian double the descaling capacity than that of a 
convoitional descale nozzle. Fuithamore, the new nozzle has a flatter distribution impinging force across the spray width direction when 
compared to a conventional nozzle as per Figure 14 illustrates. The descaling performance across die oitire sprs^ teigdi is optimized so much 
tiiat an improved steel quality can be guaranteed 




Velocity 
Vector 
JLQim/sl 

CZZZ l^ l.57> 
iMMHIi 

1.234 
1.122 
1.010 
' 0-897 
0.785 
0.673 

0.112 
0.000 



Figure 10 Sample of flow analysis inside nozzle 
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Figure 12 Impinging force distribution of spray thidoiess direction 
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Figure 14 Impinging force Distribution of spr^ width 




Figure 1 1 Optimized design of nozzle internal stmcture 
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Figure 13 Improved descaling capacity of new nozzle 
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Effect of Introduction 

The new descale noz^es were installed at JFE Steel Coiporation's Hot Strip Mills in the following sequence : 



1 . Kurashiki: Hot Strip Mill, Plate Mill, Sections 

ZFukuyama: Hot Strip Mill No. 1 &2 

3. Keihin: Hot Strip Mill, Plate MiU 

4. Chita: Seamless Pipe Mill 



The results are shown in Table No. 1. 

The improvement in steel surfece quality as well as a reduction in watw oonsun^on of up to 40%can contributes to electricity saving of about 
1 k Wh/t per consumption unit 

The reduction in water o(»isumptkm means that the trai^)eralure drop in the steel can be limited. Therefore the tempoiature requirement for 
re-headng steel before rol ling can be reduced by 1 0° to 20°C, with saving3 of about 20MJ/t per fiimace heating fiiel consun^tion units. 
As aresult, emissions to die environment can be grealfy reduced. 

JFE Steel Coip committed to installing this new descale naz2ie in of all their Hot Strip, Plate, and Seamless Mills. We also actively plan to 
maiket this new Descale Nozzle to domestic and overseas steel mills. 

As He* Strip Mills start to use the new Desade Nozzle, we arc proud to make this great cQntributi<Mi to CO2 reduction alcmg with the added 
savings in electricity foel consumption. 

Next, please see Table No. 3 that shows the technical comparison of the new and conventional nozzles. 

With the convoitional descaling system, descaling capacity was measured by the impact force on a steel sur&ce based on spray pressure and 
water flow rate. To achieve better descaling, a descaling system had to be oMiverted to hi^er pressures and laiger water volumes. Higjier 
pressure systems required huge conversion costs of several hundred million yen as well as increased electridty consumption and maintenance 
costs due to shorter noz2le, pump and valve life. Largqr volumes of wato also required increased electrical consumption and higher steel 
taiperatures to oflfeet the increased cooling effect The new descale nozzles together with their new filters will fit into existing headers witiiout 
tiie need for costly modifications. The time it takes to change a descale heads' is therefore shorter and more cost effective and provides far an 
opportunity to evaluate the new nozzle performance more readity. 



Table 1 New descale nozzle's effect on JFE rolling line (compared with conventional nozzle) 





Scakddect on Steel: 
Outbreak ratio 


Descafing high pressure waten 
Redudioii 


Descale pump: 
Elediicily oonsumptidn unit 
Reduction 


Heating fiirnaoe: 
Fad consumption unit 
Reduction 


Effect 


50% less 


Max. 40% 


IkWh/t 


20MJ/t 



Table 2 Energy-savings resuhs wiien all nozzles are replaced yyitii tiie new descale nozzles. 





Steel Pnoduction 
per year 


Descale pump electrical saving per year 


Rdieat fumaoe fijel saving per year 


Total saving 


p per year 


Eneigy saved 


CO2 reduced 


CostSaved 


Eneigy saved 


CO2 reduced 


CostSaved 


CO2 reduced 


CostSaved 


inallJFESted 
Mills 


24 mint/year 


24GWh^ 


11,000 t6«ar 


US$2^niln/year 


480TJA^ 


44,000 t/y«ar 


2nilnVear 


54,0001/year 


4.5nn!n/year 


in all Japanese 
Sted Mills 


lOl mint/year 


XOGWWyeaa: 


44,000 linear 


US$92mIn/year 


2,Q20TJ/year 


1 84,000 l/year 


8.7mln^«ar 


229,000t/year 


ISmlnVear 


in ail Global 
Sted Mills 


948nilntjyear 


948 CWh^ 


417.000 t6«ar 


USS86iriln^«ar 




1,728,0001^ 


82nilnVear 


2,145,000t;year 


168mln^ear 
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Tables Technical comparison between new- and conventional te^ 





New Technology 


Conventional Technology 


Uutime 
















New Developed 
Descaling Nozzle 


High Pressurized 
15->30 MPa 


Double water 
volume 










Pressure 


1 5MPa 


3 OMPa 


1 5 MPa 


Descaling 
Water Volume 


4 0% 

Reduced 


Unchanged 


1 0 0 % 

Increased 


Conversion 
Cost 


Less than 
US$100,000 


More than 
US$1,000,000 


About 
US$1,000,000 


Time of Shut 
down for 
Conversion 


5—10 hours 


5—10 days 


5—10 days 


Nozzle Life 


Unchanged 


5 0 % Decreased 


Unchanged 


Effect of 
descaling 
capacity 
increased 


Double 


Double 


Double 


Descaling 

pump's 
electricity 
consumption 
unit 


1 kWh/t 
Reduced 


2-3kWh/t 
Increased 


2-3 kWh/t 
Increased 


Heating 
temperature 
of slab 


1 0-2 0°C 

Reduced 


Unchanged 


2 0-3 O'^C 
Increased 
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CONCLUSION 



1) This technical development enabled us to successfiiUy introduce the next-generation descale nozzle with its 
world-class descaling capabilities. 

® Set-up of a decale capability evaluation model to closely observe descaling pressure, flow rate and nozzle 

structure as well as spray sur&ce impact 
(D The evaluation of the optimization process for internal nozzle design based on this evaluation model. 

2) New descale nozzles were introduced on Hot Strip Mill at JFE Steel in April 2003. Since then, they have 
performed successfully contributing greatly to eneigy-savings as well as the production of enhanced surface 
quality and the reduction in the descale pump maintenance cost. 

3) We are also pleased to announce that many of steel mills around tiie worid have shown keen interest in the new 
develop descale nozzles. In order to meet worldwide demand, we have increased our manu^turing capacity 
so that we can respond to inquires and orders on a timely basis. 

In addition, we are contributing to a reduced strain on the environment 
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